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(54) LIGHT EMITTING DEVICE STRUCTURE USING NITRIDE BULK SINGLE CRYSTAL LAYER 



(57) The object of this invention is to provide a high- 
output type nitride light emitting device. 

The nitride light emitting device comprises an n- 
type nitride semiconductor layer or layers, a p-type ni- 
tride semiconductor layer or layers and an active layer 
therebetween, wherein a gallium-containing nitride sub- 
strate is obtained from a gaJ Hum -containing nitride bulk 
single crystal, provided with an epitaxial growth face 



with dislocation density of lOS/cm 2 or less, and A-plane 
or M-plane which is parallel to C-axis of hexagonal struc- 
ture for an epitaxial face, wherein the n-type semicon- 
ductor layer or layers are formed directly on the A-plane 
or M-plane. 

In case that the active layer comprises a nitride 
semiconductor containing ln f an end face film of single 
crystal AI^Ga^N (Osxsl) can be formed at a law tern- 
perature not causing damage to the active layer. 
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Description Disclosure of Invention 

Technical Field (Problems to be Solved by the Invention) 



[0001] This invention relates to a structure wherein a 
single crystal nitride layer prepared by a supercritical 
ammonia Is used as a substrate or an Intermediate layer 
of light emitting devices such as a laser structure etc. 

Background Art 

[0002] In the laser structure, crystal defect or disloca- 
tion of a waveguide causes electron-note pairs to make 
non -radiative recombination therein, ideally, consider- 
fng the laser function, the dislocation density in the 
waveguide should be lO^cm 2 or less. However, in the 
present situation, the dislocation density can not be re- 
duced less than 1 Dfycm 2 by using a vapor phase epitax- 
ial growth (MOCVD and HVPE) or by using a repeated 
ELOG (Epitaxial lateral overgrowth) because the 
waveguide is grown on a heterogeneous substrate, 
such as sapphire substrate or SiC substrate. 
[0003] The thickness of the epitaxial layer should be 
100 n or less to form the epitaxial layer on a sapphire 
substrate or a SIC layer without crack by the vapor 
phase growth. Moreover, a nitride crystal is formed on 
C -plane as an epitaxial growth face on the heterogene- 
ous substrate such as the SiC substrate or the sapphire 
substrate by a vapor phase growth, which leads the ac- 
tive layer of the laser structure formed thereon to have 
a spontaneous polarization or piezo polarization caus- 
ing a deterioration of the performance such as red shirt 
of light emitting, recombination degradation and in- 
crease of the threshold current. 
[0004] Moreover, in case that the active layer depos- 
ited on the heterogeneous substrate Is formed by a 
quantum well layer containing In r the active layer is in- 
fluenced by the crystal condition of the n-type n rtride lay- 
er as a base, therefore it Is necessary to form an un- 
doped GaN layer or super lattice structure layer as the 
base. On the other hand, when the p-type nitride layer 
is deposited on the active layer containing In, a protec- 
tive layer is preferably formed to avoid the active layer 
degradation by evaporation of In therefrom. When the 
protective layer for GaN or AIGaN layer Is formed, the 
protective layer is formed at a temperature from 800°C 
to 900°C which is lower than that at formation of the ac- 
tive layer. Accordingly, a resultant nitride layer will be in 
the form of amorphous, which influences the crystal con- 
dition of the optical guide layer and p-type clad layer 
formed thereon. 

[0005] To summarize the above, there is a limitation 
to form layers of the laser device by a vapor phase 
growth. Moreover, regarding the light emitting diode, In 
case that the higher luminance and higher output are 
required, the crystal dislocation of the substrate and the 
intermediate layer will be a serious problem. 



5 [0006] The first object of this Invention Is to form a ni- 
tride substrate having a lower dislocation density, i.e. 
1 0Vcm 2 or less and more preferably 1 0 4 /cm 2 or less by 
using a supercritical ammonia technology instead of the 
so-far used vapor phase growth technology and to form 

io thereon a laser structure having less crystal dislocation 
causing non-radiative recombination. 
[0007] The second object of this invention is to pro- 
vide a laser device not influenced by the polarization, 
that Is, to form a laser structure on non-polar nitride A- 

f5 plane substrate or non-polar M-piane substrate by ob- 
taining a nitride bulk single crystal layer in a supercritical 
condition instead of a vapor phase growth. 
[0008] The third object of this invention is to provide 
a light emitting device structure wherein especially in- 

20 tenmediate layers influencing the crystalline of the active 
layer are prepared by a supercritical ammonia method 
Instead of a vapor phase growth method so that there 
can be obtained the Intermediate layers having tower 
crystal dislocation which can not be obtained by a vapor 

25 phase growth. 

(Means for Solving the Problems) 

[0009] The inventors of the present invention found 
30 the following matters: 

the ratio of Ga/NH 3 can remarkably be improved 
(over 20 times), compared with the ratio set by 
MOCVD vapor phase growth, by using a technique 

6 wherein a gallium-containing nitride is recrystallized 
by a supercritical ammonia, so-called AMMONO 
method, 

the bulk single crystal having a lower dislocation 
to density can be obtained by AM MONO method at a 
very low temperature (600'C or less), compared 
with the bulk single crystal prepared by a vapor 
phase growth of the nitride at 1 0OO°C or higher, and 

45 the sin gle crystal substrate which can never be ob- 
tained by the so-far vapor phase growth can be ob- 
tained wherein the single crystal substrate is formed 
on A-plane or M -plane as an epitaxial growth face 
by AMMONO method. 

50 

[001 0] According to a first aspect of the present inven- 
tion, there is provided a light emitting device structure 
comprising a gallium-containing nitride single crystal 
substrate, and an n-type gallium-containing nitride sem- 
« teonductor layer or layers, a gallium-containing nitride 
semiconductor active layer and a p-type gallium-con- 
taining nitride semiconductor layer or layers by a vapor 
phase growth on the substrate, wherein the single crys- 
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tal substrate Is obtained from a gallium-containing ni- 
tride bulk single crystal, and provided with an epitaxial 
growth face with dislocation density of KF/cm 2 or less. 
The crystal dislocation of the epitaxial growth face of the 
substrate according to the present Invention can be re- 5 
duced compared with those obtained by the so-far vapor 
phase growth, especially ELOG method, due to which 
the epitaxial Jayerf armed thereon has a good crystalline 
quality without formation of a lower temperature buffer 
layer and the excellent device structure can be formed. io 
[0011] According to the present invention, a gallium- 
containing nitride single crystal substrate means not on- 
ly a substrate wholly formed by a gallium-containing ni- 
tride but also a composite substrate (template) in which 
a gallium-containing nitride is grown on a heterogene- '* 
ous substrate. The gain urn-containing nitride is formed 
on the heterogeneous substrate in the supercritical am- 
monia by applying the method which comprises pre- 
forming GaN, AIN or AIGaN layer on the heterogeneous 
substrate and then forming the gallium-containing nl- 
tride thereon. 

[0012] According to a second aspect of the present 
Invention, there is provided a light emitting device struc- 
ture comprising a gallium-containing nitride single crys- 
tal substrate, and an n-type gallium-containing nitride J» 
semiconductor layer or layers, a gallium-containing ni- 
tride semiconductor active layer and a p-type gallium- 
containing nitride semiconductor layer or layers by a va- 
por phase growth on the substrate, wherein the single 
crystal substrate is obtained from a gallium-containing 30 
nitride bulk single crystal, and provided with A-plane or 
M -plane (Pig. 5) which is parallel to C-axis of hexagonal 
structure for an epitaxial growth, and wherein the n-type 
semiconductor layer or layers are formed directly or 
through AI(Ga)N buffer layer on A-plane or M-plane. 33 
[0013] According to the present invention, a nitride 
bulk single crystal shown in Drawings can be prepared 
by applying AMMONO method, therefore A-plane or M- 
plane which Is parallel to C-axis of hexagonal structure 
for an epitaxial growth can be obtained. (Fig. 5) In the 
present situation, an epitaxial growth required by a de- 
vice structure can be carried out since the pfane has the 
area of 100 mm 2 . A-plane and M-plane has non-polar, 
differently from C-plane, therefore there can be obtained 
the laser device having no cause of the deterioration of <5 
the performance such as the red shift of light emitting, 
recombination degradation and increase of the thresh- 
old current. 

[001 4] The substrate is A-plane or M-plarie of the gal- 
lium-containing nitride and further the dislocation den- so 
slty of the substrate is preferably irjs/cm 2 or less. 
[0015] According to the first and second aspects of 
the present invention, epitaxial layer is formed on the 
one side of the gallium-containing nitride single crystal 
substrate. However, the light emitting device can be ss 
formed by growing the epitaxial layer on both sides of 
the substrate so that undoped GaN, AIN or AIGaN layer 
prepared by AMMONO method can be used as an in- 
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termediate layer. According to a third aspect of the 
present invention, a nitride light emitting device which 
comprises an n-type nitride semiconductor layer or lay- 
ers, a p-type nitride semiconductor layer or layers and 
a nitride active fayer containing in therebetween is char- 
acterized in that at least an n-type nitride semiconductor 
layer or layers containing n-type purities are formed on 
one side of the nitride bulk single crystal substrate, the 
nitride active layer and a p-type nitride semiconductor 
layer or layers are formed directly or through an n-type 
nitride semiconductor layer or layers on the other side 
of the nitride bulk single crystal. 
[0016] It is necessary to make the thickness of the 
substrate enough thin after the formation of the epitaxial 
layer on the one side, since the substrate is intermediate 
layer of the device. However, the crystal dislocation of 
the substrate prepared by AMMONO method is remark- 
ably reduced, due to which the active layer can be 
formed directly or through an n-type semiconductor lay- 
er or layers, for example an n-type clad layer or an n- 
type guide layer, differently from the conventional active 
layer formed through an n-type buffer layer, an undoped 
GaN layer, an n-type superlattlce layer etc. This leads 
to improve the crystal quality of the active layer. Espe- 
cially, the polarization influence in the active layer can 
be eliminated by using the substrate formed on A-plane 
or M-plane. 

[0017] According to a third aspect of the present in- 
vention, the nitride bulk single crystal layer prepared by 
AMMONO method is used as an intermediate layer. Fur- 
ther, the intermediate layer can directly be prepared by 
AMMONO method. According to a forth aspect of the 
present invention, GaN or AIGaN single crystal layer is 
formed at a low temperature not causing the degrada- 
tion of the active layer containing In, wherein In con- 
tained in the active layer Is not evaporated onto the ni- 
tride active layer containing n-type nitride in. 
[0018] A desired temperature not causing damage to 
the active layer comprising nitride semiconductor con- 
taining In should be lower than a temperature at which 
the acth/e layer comprising nitride semiconductor con- 
taining In is formed. The active layer comprising nitride 
semiconductor containing In is grown usuaJry at 900°C 
and that temperature or less does not cause damage to 
the active layer due to degradalion etc. Therefore, by 
applying AMMONO method, the nitride is grown at 
600 C C or less, preferably 550*0 or less. Therefore, the 
active layer containing In which comprises single crystal 
GaN or AIGaN layer can be formed without degradation. 
[0019] According to the present Invention, the protec- 
tive layer for the active layer may be composed of single 
crystal Al x Ga 1 . K N (0<x<1). The mixture ratio of crystal 
may be set higher than those of ttie optical guide layer 
and the clad layer. In AMMO NO method, the single crys- 
tal layer is usually composed of an undoped single crys- 
tal. Especially, the mixture ratio of AiGaN layer In the 
direction of the thickness is not uniform. The mixture ra- 
tio of crystal tends to be lesser than that of the initial 
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period of the formation thereof, which does not make 
any hindrance to the function of the protective layer In 
the cap layer according to the present invention, the 
function thereof can be attained even it the cap layer 
has a thickness from several nm to several tens nm. For s 
this, when AMMONO method Is applied, alkali metal, es- 
pecially Li ion, may preferably be used as a minerallzer. 
Moreover, in AMMONO method, it Is recommended that 
GaN barrier layer of InQaN well layer/GaN barrier layer 
should be positioned on the top of the active layer and io 
that the end thickness of the typical barrier layer should 
be thicker than usual, considering the dissolution due to 
contact with a supercritical ammonia at the initial period 
of applying AMMONO method. 

[0020] According to the present invention, when the is 
nitride semiconductor laser device is grown on A-piane 
of GaN substrate formed in the supercritical ammonia, 
the active layer of the laser device is not influenced by 
the polarization effect. The light emitting face of the res- 
onator is M-plane, on which the end face film is formed 20 
and cleavage is easily performed. In case that the nitride 
semiconductor laser device is grown on M-plane of GaN 
substrate formed in the supercritical ammonia, the ac- 
tive layer is not influenced by the polarization effect and 
A-plane end face film having non -polar can be obtained 
on the light emitting face of the resonator. 
[0021] When the intermediate layer is prepared by 
AMMONO method, It is recommended that a mask 
should be formed wherein the mask has lower or same 
solubility in the supercritical ammonia than that of the so 
Intermediate layer to cover the surfaces other than the 
Intermediate layer. The formation of the mask can pre- 
vent the dissolution from the end face of the other layers 
of the nitride semiconductor, especially the active layer 
in the supercritical ammonia having high solubility. The 35 
mask may be selected from the group consisting of SiO, 
SIN, AIN, Mo and W. In the supercritical ammonia these 
materials for mask are more stable than GaN and the 
dissolution of the contact surface covered with the mask 
material can be prevented. In a later process, i.e. a for- *o 
mation process of ridge, the mask can be easily re- 
moved. 

[0022] In AMMONO method using supercritical am- 
monia, a nitride semiconductor is grown in a supercriti- 
. cal ammonia wherein a nitride gallium compound has 
the negative dissolution curve. Detailed explanation of 
the method is disclosed in Polish Patent Application 
Nos. P-347918, P-350375 and PCT Application No. 
PCT/IB02/041 85. Those skilled in the art can easily car- 
ry out the present invention with reference to the ab- so 
stract and examples explained below. 
[0023] In the present invention, gallium-containing ni- 
tride or nitride is defined as below and as the general 
formula AJ^Ga^lnyN, where 0sx<1, 0<y<1, and 
0sx+y<1, and may contain a donor, an acceptor, or a ss 
magnetic dopant, as required. As will be defined later, 
the supercritical solvent contains NH 3 and/or a deriva- 
tive thereof. The minerallzer contains alkali metal ions, 
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at least, ions of lithium, sodium or potassium. On the 
other hand, the gallium-containing feedstock is mainly 
composed of gallium-containing nitride or a precursor 
thereof. The precursor is selected from an azide, imide, 
amidoimlde, amide, hydride, Intermetallic compound, 
alloy or metal gallium, each of which contains gallium, 
end it will be defined later. 

[0024) According to the present invention, the seed 
can be comprised with GaN prepared by HVPE, the 
crystal formed on the wall In the autoclave by spontane- 
ous growth of AMMONO method, the crystal prepared 
by flux method or the crystal prepared by high-pressure 
method. It is preferable that a heterogeneous seed has 
a fattice constant of 2.B to 3.6 with respect to vaxis 
and a surface dislocation density of 1 O^/cm 2 or less. 
Such a seed IS selected from a body-centered cubic 
ctystal system Mo or W, a hexagonal closest packing 
crystal system a-Hf or a-Zr, a tetragonal system dia- 
mond, a WC structure crystal system WC or W 2 C, a ZnO 
structure crystal system SiC, especially a-SIC, TaN,. 
NbN or AIN, a hexagonal (P6/m mm) system AgBg, A11B2 
HfBj or ZrB 2 , and a hexagonal {PQ^mmc) system 
TfMoCe-MbN orZrBg. In orderto make the surface prop- 
erty the appropriate condition for crystal growth, Ga ir- 
radiation, NH 3 process and Oxygen plasma process 
should be carried out as required so that the heteroge- 
neous seed has the GaN polar or N polar. Moreover, 
MCI process, HF process should be earned out, as re- 
quired, to purify the surface. Or a GaN or AIN layer is 
formed on the heterogeneous seed by a vapor phase 
growth so that the crystallization can effectively be car- 
ried out by AMMONO method. 
[0025] In the present invention, the crystallization of 
gallium-containing nitride is carried out at a temperature 
of 100 to 80D°C, preferably 300 to 600°C, more prefer- 
ably 400 to 550 a C. Also, the crystallization of gallium- 
containing nitride is carried out under a pressure of 100 
to 10,000 bar, preferably 1 ,000 to 5,500 bar, more pref- 
erably f ,500 to 3,000 bar. 

[0026] The concentration of alkali metal ions in th e su- 
percritical solvent Is so adjusted as to ensure the spec- 
ified solubilities of feedstock and gallium-containing ni- 
tride, and the molar ratio of the alkali metal ions to other 
components of the supercritical solution is controlled 
within a range from 1 : 200 to 1 : 2, preferably from 1 : 
100 to 1 : 5, more preferably from 1 : 20 to 1 : 8. 
[0027] In this regard, the present invention relates to 
a technique of an ammo no-basic growth of a crystal 
which comprises a chemical transport in a supercritical 
ammonia solvent containing at least one minerallzer for 
imparting an ammono-basle property, to grow a single 
crystal of gallium-containing nitride. This technique has 
a very high originality, and therefore, the terms -herein 
used should be understood as having the meanings de- 
fined as below in the present specif icatlori. 
[0028] The term "gallium-containing nitride* In the 
specification means a compound which Includes at feast 
gallium and nitrogen atom as a consistent element. It 
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Includes at least the binary compound GaN, ternary 
compounds such as AIGaN, In GaN or also quaternary 
compounds AllnGaN, where the range of the other ele- 
ments to gallium can vary, In so far as the crystallization 
growth technique of ammonobaslc is not hindered. 
[0029] The term "gallium-containing nitride bulk sin- 
gle crystal" means a gallium-containing nitride single 
crystal substrate on which an optic and electronic device 
such as LED or LD can be prepared by an epitaxial 
growing process such as MOCVD, HVPE or the like. 
[0030] The term "a precursor of galfrum-contalning ni- 
tride" means a substance which contains at least gal- 
lium, and if needed, an alkali metal, an element of the 
Group XIII , nitrogen and/or hydrogen, or a mixture there- 
of, and examples of such a precursor includes metallic 
Ga, an alloy or an interm stall ic compound of Ga, and a 
hydride, amide, imlde, amidoimtde or azide of Ga, which 
can form a gallium compound soluble in a supercritical 
ammonia solvent as defined below. 
[0031] The term "gallium-containing feedstock- 
means a galHum-contalning nitride or a precursor there- 
of. 

[0032] The term "supercritical ammonia solvent* 
means a supercritical solvent which contains at least 
ammonia, and ion or ions of at least one alkali metal for 
dissolving gallium-containing nitride. 
[0033] The term "mineral tzar" means a supplier for 
supplying one or more of alkali metal ions (Li, K, Na or 
Cs) for dissolving gallium-containing nitride In the su- 
percritical ammonia solvent. 

[0034] The phrase "the dissolution of the gallium-con- 
taining feedstock by AMMONO method" means a re- 
versible or irreversible process in which the above feed- 
stock takes the form of a gallium compound soluble in 
the supercritical solvent such as a gallium complex com- 
pound. The gallium complex compound means a com- 
plex compound in which a gallium as a coordination 
center is surrounded by ligands, e.g., NH 3 or derivatives 
thereof such as NH 2 - and NH 2 \ 
[0035] The term 'supercritical ammonia solution" 
means a solution including a soluble gallium-containing 
compound formed by the dissolution of the gallium-con- 
taining feedstock in the supercritical ammonia solvent. 
Based on our experiment, we have found thai there is 
an equilibrium relationship between the gallium-contain- 
ing nitride solid and the supercritical solution under a 
sufficiently high temperature and pressure atmosphere. 
Accordingly, the solubility of the soluble gallium- contain- 
ing nitride can be defined as an equilibrium concentra- 
tion of the above soluble gallium-containing nitride In the 
presence of solid gallium-containing nitride. In such a 
process, it is possible to shift this equilibrium according 
to change in temperature and/or pressure. 
[0036] The phrase "negative temperature coefficient 
of the solubility" shown in the gallium-containing nitride 
in the supercritical ammonia means that the solubility is 
expressed by a monotonlcally decreasing function of the 
temperature, when all other parameters are kept con- 



stant. Similarly, the phrase "positive pressure coefficient 
of the solubility" means that the solubility is expressed 
by a monotonically Increasing function of the pressure, 
when all other parameters are kept constant. Based on 

5 our research, the solubility of gallium-containing nitride 
in the supercritical ammonia solvent, at least, has a neg- 
ative temperature coefficient within a range of 300 to 
560° C, and a positive pressure coefficient within a range 
of 1 to 5.5 Kbar, respectively. 

io [0037] The phrase "oversatu ration of the supercritical 
ammonia solution of gallium -containing nitride" means 
that the concentration of the soluble gallium compounds 
in the above supercritical ammonia solution is higher 
than a concentration In an equilibrium state, i.e., the sol- 

15 ubility of gallium-containing nitride. In case of the disso- 
lution of gallium-containing nitride in a closed system, 
such oversaturation can be achieved, according to a 
negative temperature coefficient or a positive pressure 
coefficient of the solubility, by raising the temperature or 

20 reducing the pressure. 

[0038] The chemical transport from the lower temper- 
ature dissolution zone to higher temperature dissolution 
zone crystallization zone Is important tor gallium-con- 
taining nitride in the supercritical ammonia solution. The 

23 phrase "the chemical transport" means a sequential 
process including the dissolution of gallium-containing 
feedstock, the transfer of the soluble gallium compound 
through the supercritical ammonia solution, and the 
crystallization of gallium-containing nitride from the 

30 oversaturated supercritical ammonia solution. In gener- 
al, a chemical transport process is carried out by a cer- 
tain driving force such as a temperature gradient, a pres- 
sure gradient, a concentration gradient, difference in 
chemical or physical properties between a dissolved 

35 feedstock and a crystallized product, or the like. Prefer- 
ably, thechemicaltransport In the process of the present 
invention is achieved by carrying out the dissolution step 
and the crystallization step In separate zones, on con- 
dition that the temperature of the crystallization zone is 

40 maintained higher than that of the dissolution zone so 
that the gallium -containing nitride bulk single crystal can 
be obtained by the processes of this invention. 
[0039] The term "seed" has been described above. 
According to the present Invention, the seed provides a 

45 region or area on which the crystallization of gallium- 
containing nitride is allowed to take place, and the 
growth quality of the crystal depends on the quality of 
the seed. Thus, the seed with good qualities is selected. 
[0040] The term "spontaneous crystallization" means 

50 an undesirable phenomenon in which the formation and 
the growth of the core of gallium-containing nitride from 
the oversaturated supercritical ammonia solution occur . 
at any site inside the autoclave, and the spontaneous 
crystallization also includes disoriented growth of the 

55 crystal on the surface of the seed. 

[0041 ] The term "selective crystallization on the seed" 
means a step of allowing the crystallization to take place 
on the face of the seed, accompanied by substantially 
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no spontaneous growth. This selective crystallization on 
the seed is essential for the growth of a bulk single crys- 
tal, it is also one of the conditions to form the Interme- 
diate layer by applying AM MONO method. 
[0042] The autoclave to be used in the present inven- s 
tion is a closed system reaction chamber for carrying 
out the ammono-basic growth of the crystal and any 
form of the autoclave is applicable. 
[0043] In this regard, the temperature distribution in 
the autoclave as will be described later in the part of to 
Examples is determined by using the autoclave empty 
inside without the supercritical ammonia, and thus, the 
supercritical temperature is not one actually measured. 
On the other hand, the pressure In the autoclave is di- 
rectly measured, or it is determined by the calculation ts 
from the amount of ammonia firstly introduced, and the 
temperature and Ihe volume of the autoclave. 
[0044] It is preferable to use an apparatus as de- 
scribed below, to carry out the above process. An appa- 
ratus according to the present invention provides an 20 
autoclave for producing a supercritical solvent, charac- 
terized In that a convection-controller is arranged in the 
autoclave, and a furnace unit is equipped with a heater 
or a cooler. 

[0045] The furnace unit Includes a higher temperature 25 
zone equipped with a heater which corresponds to a 
crystallization zone In the autoclave, and a lower tem- 
perature zone equipped with a heater or a cooler which 
corresponds to a dissolution zone in the autoclave. The 
convection controller may be composed of at least one 30 
horizontal baffle which has a hole at the center or at its 
periphery and which partitions the crystallization zone 
from the dissolution zone. Inside the autoclave, a feed- 
stock is set in the dissolution zone, and a seed is set in 
the crystallization zone, and convection in the supercrit- & 
icaJ solution between two zones is controlled by the con- 
troller. It is to be noted that the dissolution zone is locat- 
ed above the horizontal baffle, and the crystallization 
zone, below the horizontal baffle. 
[0046] AM MONO method Is summarized as follows. <o 
In the reaction system, the negative dissolution curve 
means that a solubility of the nitride semiconductor is 
low in the higher temperature zone and a solubility 
thereof is high in the lower temperature zone. When the 
temperature difference is controlled properly in the high- *s 
er temperature zone and the lower temperature zone 
inside the autoclave, nitrides are dissolved in the lower 
temperature zone and nitrides are recrystallized in the 
higher temperature zone. Due to the generated convec- 
tion flow from the lower temperature zone to the higher so 
temperature zone, a predetermined concentration of ni- 
trides can be kept In the higher temperature zone and 
the nitrides can be selectively grown on a seed. 
(0047] The wafer is thus placed in the higher temper- 
ature zone, and the feedstock in the lower temperature « 
zone in the reaction system inside the autoclave. Dis- 
solution of the feedstock in the lower temperature zone 
leads to the oversaturatlon. In the reaction system, a 



convection flow is gen erated, due to which the dissolved 
feedstock is transportedto the higher temperature zone. 
Due to a lower solubility at the higher temperature zone, 
the dissolved feedstock becomes recrystaHized on the 
wafer which is a seed. Recrystallization approached in 
this way results in lormlng a bulk single crystal layer. 
Moreover, a characteristic feature of this method, as 
compared to the methods by which nitride semiconduc- 
tor is formed from a vapor phase growth at a tempera- 
ture over 900°C, is the fact that it allows growth of nitride 
semiconductor at a temperature preferably 600° C or 
toss, and more preferably 550° C or less. Due to this, in 
the wafer placed in the higher temperature zone a ther- 
mal degradation of the active layer containing In does 
not take place. 

[0048] The materia] of the feedstock depends on the 
composition of the single crystal layer In case that GaN 
Is used, GaN single crystal, GaN poly crystal, GaN pre- 
cursor or metallic Ga can generally be used, wherein 
GaN single crystal or GaN poly crystal can be formed 
and then recrystallized. GaN prepared by a vapor phase 
growth, such as HVPE method or MOCVD method, by 
AMMONO method, by flux method or by high pressure 
method can be used. Trie precursor of GaN can contain 
gallium azide, gallium imlde, gallium amide or the mix- 
ture thereof. Regarding AIN, similarly as GaN, AIN sin- 
gle crystal, AIN poly crystal, AIN precursor or metallic Al 
can be used, wherein AIN single crystal or AIN poly crys- 
tal can be formed and then recrystallized. AIGaN is a 
mix crystal of AIN and GaN, and the feedstock thereof 
should be mixed appropriately. Moreover, the usage of 
metal and single crystal or poly crystal (for example, me- 
tallic Al and GaN single crystal or poly crystal) or the 
usage of more than two kinds of mineralizer etc. can 
lead to a predetermined composition. 
[0049] ft is possible to use alkali metais, such as LI, 
Na, K, Cs or compounds of alkali metals, such as alkali 
metal amide, alkali metal tmide as a mineralizer. A molar 
ratio of the alkali metal to ammonia ranges from 1 :200 
to 1 :2. Li is preferably used. Li Is a mineralizer whose 
solubility is low, of which leads to restraint of dissolution 
of the uncovered end face and effective formation of the 
thin protective film of the thickness from ten to several 
tens nm. 

Brief Description of Drawings 
[0050] 

Fig. 1 is a schematic sectional view of the end face 
of the nitride semiconductor laser device according 
to the present invention. 

Fig. 2A-2E is a schematfc sectional view Illustrating 
a manufacturing process of the nitride semiconduc- 
tor laser device, in case of the preferred embodi- 
ment according to the present Invention. 
Fig. 3A-3E is illustrating a manufacturing process 
for the nitride semiconductor laser device by cleav- 
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age according to the present invention. ting end face with a mask, and covering the light emitting 

Fig. 4 is a schematic sectional view of the light emit- end face with M-place end face film and then forming 

ting device formed on the single crystal substrate. laser device in the form of tip by cleavage etc. 

Rg. 5 is showing a frame format of the substrate in [00S6] The first method shown in Fig. 2, the wafer is 

which A-plane being parallel to c-axis is cut out from 5 prepared on C-plane of GaN substrate 1 by depositing 

the bulk single crystal and a light emitting face is successively the n-type nitride semiconductor layer or 

formed on M-plane. layers 2 composed of an n-type contact layer 21 , a 

crack-preventing layer 22, an n-type clad layer 23 and 

Best Mode for Carrying Out the Invention an n-type optical guide layer 24, then the active layer 3 

10 and flnaJly the p-type nitride semiconductor layer or lay- 

[0051 ] Further herein a detailed description of the em- ers 4 composed of a protective layer 41 , a p-type optical 

bodiments of the present invention is provided. guide layer 42, a p-type clad layer 43 and a p-type con- 

(0052] The schematic sectional view of the semicon- tact layer 44. (Fig. 2A) In this process, GaN substrate is 

ductor laser according to the present Invention is shown used differently from the first method, which results in 

in Fig.1 . On the GaN substrate 1 Hie n-type nitride sem- w that n-type nitride semiconductor layer or layers 2 are 

iconductor layer or layers 2 and the p-type nitride sem- not formed on the low temperature buffer layer 11 

iconductor layer or layers 4 are deposited. Between through ELO layer and the dislocation of the epitaxial 

them there is the active layer 3 of a single quantum well layer can be decreased. 

or a mufti quantum well structure In the form of a nitride [0057] Next, the obtained wafer is subject to an etch- 
semiconductor containing In. This results in the laser de- 20 i ng process, as a result, the end face of the resonator 
vice having a good light emitting efficiency at the wave- and the n-type contact layer 21 are uncovered and the 
length region between near-ultraviolet and green visible surface other than the light emitting end face of the res* 
light (from 370 nm to 550 nm). The n-type nitride semi- onator is covered by the mask 7 (Fig. 2B). Then the end 
conductor layer or layers 2 are composed of an n-type face film 5 is formed on the wafer, whose end faces of 
GaN contact layer 21 , a InGaN crack-preventing layer 23 the resonator are uncovered, by applying AMMONO 
22, an n-type AIGaN clad layer 23 and an n-type GaN method. (Fig. 2C) 

optical guide layer 24. The crack-preventing layer 22 [0056) Next, a ridge is formed by atypical device proc- 
can be omitted. The p-type nitride semiconductor layer ess after the formation of the end face film and removing 
or layers 4 are composed of an AIGaN protective layer the mask 7. (Rg. 2D) The ridge stripe which performs 
41 , a p-type AIGaN optical guide layer 42, a p-type Ah 30 the optical wave guide Is formed in the direction of the 
GaN clad layer 43 and a p-type GaN contact layer 44. resonator. The width of the ridge is from 1 .0 u.m to 20 
The GaN substrate 1 is comprised with a bulk single urn and the ridge reaches the p-type clad layer or the p- 
crystal and the dislocation thereof is remarkably low, I. type guide layer. Next, a buried layer 70 ol Zr0 2 film is 
e. about t OVcm 2 . Therefore, the n-type contact layer 21 formed to cover the ridge. A p-type ohmic electrode 80 
can be formed on the GaN substrate without ELO layer 55 is formed to be in contact with the p-type contact layer 
for decreasing dislocation or AIGaN layerfor decreasing 43 which is on the top surface of the ridge. Both of single 
the pits. In the above embodiment, the resonator of the ridge and plural ridges can be used. A multi-stripe-type 
semiconductor laser device is composed of the active laser device can be obtained by plural ridges, 
layer 3, the p-type optical guide layer 24, n-type optical [0059] Next, an n-type electrode 90 arranged parallel 
guide layer 42 and the cap layer 41 . The light emitting 40 to the p-type electrode Is formed on the surface of the 
end face of the resonator is covered with the end face n-type contact layer 21 . In further sequence, a p-type 
film 5 of single crystal Al x Ga 1 . X N (0£x£l ). pad electrode 1 1 0 and an n-type pad electrode 1 20 are . 
[0053J Further herein the two typical manufacturing formed. Moreover, a S»0 2 / 710 a Insulating coating is 
methods of the nitride semiconductor laser device of the formed to cover the entire device except for the surface 
present embodiment are provided. 4s 0 f the p-type electrode and the n-type electrode, and 
[0054] Fig. 2A-E Illustrates a manufacturing method due to an alternate arrangement and a patterning of the 
which comprises the steps of forming the laser structure Si0 2 and TO 2 layers it serves as the reflecting layer 1 00 
on C-plane of the GaN substrate, covering surface other at the moment of laser oscillation. Finally, each nitride 
than the light emitting end face of the resonator with a semiconductor laser device is cut out from the wafer by 
mask and forming the end face film to cover the light w scribing. In this way a finished nitride semiconductor la- 
emitting end face. ser device is obtained. (Fig. 2E, Fig. 1 ) 
[0055] Fig. 3A-E illustrates the man ufacturing method [0060J Moreover, the protective film can be formed on 
of the raser device which comprises the steps of forming the end face film to perform an effective resonance, 
the laser structure on A-plane of the GaN substrate There Is a difference of the reflective index between the 
shown in Fig. 5, forming the light emitting end face 0/ 55 protective film and the AIGaN end face film. Concretely, 
the resonator on M-plane, forming the light emitting end the protective film contains at least one element select- 
face by cleavage after formation of ridge and electrode, ed from the group consisting of Nb, Ni, Cr, 71, Cu, Fe, 
covering the resonator end face other than the light emit- Zr, Hf, W, Rh, Ru, Mg, Al, Sc, Y, Mo, Ta, Co, Pd, Ag, Au, 
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Pt, Ga and the compound such as oxide, nitride and flu- 
oride thereof. 

[0081] In the second method shown in Fig. 3A-E, A- 
plano of the GaN substrate 1 Is cut out from the bulk 
single crystal as Illustrated In Fig. 5 and used as a sub- s 
strate and a light emitting end face is M -plane so that a 
laser device can be obtained by cleavage. A nitride sem- 
iconductor laser device is formed on the GaN substrate 
1 similarly as the first method. The same reference nu- 
meral is given to the same element to omit the explana- io 
tlon. Next, the n-type contact layer 21 is uncovered by 
etching {Fig. 3A). Then a ridge is formed (Fig. 3B) and 
the p ry pe ohmlc electrode 80 is formed to be in contact 
with the p-type contact layer 43 which is on the top sur- 
face of the ridge. Next, the n-type electrode 90 is formed 
on the surface of the n-type contact layer 21 , and the p- 
type pad electrode 110 and n-type pad electrode 120 
are formed. (Fig. 3C) Next, the light emitting end face is 
formed by cleavage so that the wafer becomes in the 
form of a bar. Moreover, the end face film 6 is formed In 20 
a supercritical ammonia. (Fig. 3D) The resultant wafer 
is subject to cleavage so that a laser device can be ob- 
tained. (Fig. 3E) 

[0062] In case that the protective layer 41 Is formed, 
the single crystal AIGaN layer can be formed at a low 25 
temperature, i.e. from 500°C to 600°C, by applying AM- 
MONO method. P-type nitride layer can be formed with- 
out degradation of the active layer containing In. 
[0063] Fig. 4 illustrates the LED device formed on a 
GaN substrate 201 obtained by a supercritical ammonia 30 
method. 

[0064] After an n-type contact layer 202 is formed di- 
rectly on the GaN substrate 201 without forming the low 
temperature buffer layer, a modulation doped layer 203 
composed off undoped GaN/Si doped GaN/undoped 35 
GaN and an active layer 205 composed of InGaN well 
layer/GaN barrier layer through a superlattice layer 204 
are formed. LED is obtained by successively depositing 
a p-type clad layer 206, an undoped AIGaN layer 207 
and a p-type contact layer 208 on the top surface of the 40 
active layer 205. 209 shows a p-type electrode and 21 0 
shows an n-type electrode. 

[0065] The bulk single crystal substrate according to 
the present invention can be used as an intermediate 
layer instead of the modulation doped layer 203 and the 45 
super lattice layer 204, while the n-type contact layer 202 
is formed on one bottom side, and the active layer 205, 
p-type clad layer 206, undoped AIGaN layer 207 and p- 
type contact layer 208 are successively deposited on 
top surface so that the similar layer structure can be so 
formed. As described above, AMMONO method which 
enables to form the single crystal at a low temperature 
allows forming an intermediate layer with less crystal 
dislocation and simplifying the device structure. 
[0066] The following examples are intended to illus- 55 
Irate the present invention and should not be construed 
as being limiting. 
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Example 1 . 

[0067] First, a GaN substrate 1 of 2 Inch diameter on 
C-plane as a growth face is placed in a MOCVD reactor. 
Temperature Is set at 1050°C. Hydrogen is used as a 
carrier gas, and ammonia and TMG (thrimethyfgalllum) 
are used as gaseous materials. 
[0068] On the substrate, the following layers are de- 
posited one after the other: 

(1) 4 um thickness n-type GaN contact layer, doped 
with SI at the level of 3x 1 0 l8 /cm 3 . 

(2) n-type clad layer, in the form of the superlattice 
of the total thickness being 1 .2um, formed by alter- 
nate deposition of 25 angstroms thickness undoped 
Al 0 jGaogN layers and n-type GaN layers doped 
with Si at the level of 1x10 1fi /cm3. 

(3) 0.2 um thickness undoped GaN p-type optical 
guide layer. 

(4) an active layer of the total thickness being 380 
angstroms In the form of layers alternately ar- 
ranged, I.e. barrier layer/Well layer/ barrier layer/ 
well layer/ barrier layer, wherein 100 angstroms 
thickness with Si doped ln 0 ^Ga^N layer forms 
a barrier layer, and 40 angstroms thickness un- 
doped I n 0 ^Gao 9 N layer forms a quantum well layer. 

(5) a wafer Is Introduced into the reactor (autoclave) 
inside which is filled with a supercritical ammonia. 
Having been filled with the feedstock In the form of 
GaN of 0.5 g, ammonia of 1 4.7 g and mineraJizer In 
the form of LI of 0.038 g, the autoclave (38 cm 3 ) is 
tightly closed at a temperature 500 °C or less inside 
the autoclave. The internal autoclave Is divided into 
two zones: the higher temperature zone and the 
lower temperature zone. In the higher temperature 
zone of 550°C there is a wafer, whereas in the tower 
temperature zone of 450°C there are feedstock in 
the form of GaN and Ga metal. The sealed auto- 
clave is left for three days. Under the low tempera- 
ture condition, in the supercritical ammonia 100 
angstrom thickness single crystal GaN protective 
film is grown on the GaN barrier layer of the n-type 
active layer. 

Then the wafer is taken out from the autoclave 
and set in the MOCVD reactor device at a temper- 
ature of 1050°C. 

(6) 0.2 um thickness undoped GaN p-type optical 
guide layer. 

(7) p-type clad layer In the form of the superlattice 
of the total thickness being 0.6 pm, formed by alter- 
nate deposition of 25 angstroms thickness undoped 
Alo.ie Ga o.S4N layers and 25 angstroms thickness 
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undoped GaN layers. 

(8) 150 angstroms thickness p-type contact layer of 
p-type GaN doped with Mg at the level of 1x10 20 / 
cm* 

[0069] After the above layers are deposited, the 
formed wafer is subject to annealing In the MOCVD re- 
actor device under the nitrogen atmosphere, at a tem- 
perature of 700°C, which additionally reduces resist- 
ance of the p-type nitride semiconductor layer or layers. 
[0070] After annealing , the wafer is taken out from the 
reactor and a protective film (mask) in the form of Si0 2 
stripe is deposited on the surface of the top p-type con- 
tact layer. Next, by using RIE method, the wafer is 
etched and stripe is formed, uncovering thereby end fac- 
es of the resonator and the surface of the n-type contact 
layer. The SiO z protective film (mask) formed on the sur- 
face of the p-type contact layer is removed by using the 
wet etching method. 

[0071] Next, under the low temperature condition, in 
the supercritical ammonia 100 angstrom thickness sin- 
gle crystal GaN end face film is grown on the stripe end 
face, stripe lateral face and uncovered surfaces of the 
n-type contact layer and p-type contact layer. 
[0072] After a single crystal GaN end face film Is 
formed, the single crystal GaN formed on the surface of 
the top p-type contact layer is removed by etching. Next, 
the surface of the p-type contact layer is covered with 
the SiO a mask in the form of 1 .5 u.m wide strips and etch- 
ing of the p-type clad layer is continued until ridge is 
formed on the strip part. Etching is carried out until thick- 
ness of the p-type dad layer becomes 0.1 urn on both 
sides of ridge. 

[0073] In this way a ridge part of 1.5 urn width is 
formed. 

[0074] Next, by use of the ion sputtering method, a 
0.5 urn thickness Zr0 2 film is formed so that It would 
cover stripe surfaces over the SI0 2 mask. 
[0075] After the thermal processing, the burled layer 
70 in the form of the Zr0 2 film is deposited on the top 
stripe surface, on the lateral face of ridge and on the 
surface of the p-type dad layer located on both sides of 
ridge. This Zr0 2 film allows stabilizing a lateral mode at 
the moment of laser oscillation. 
[0076} Next the p-type electrode 80 in the form of Ni/ 
Au is formed on the p-type contact layer so that an ohmic 
contact would appear, and the n-type electrode 90 in the 
form of TVAI on the n-type contact layer. Then, the wafer 
Is subject to the thermal processing at a temperature of 
600°C. Next, pad electrode in the form of Ni(1000A)-Tl 
(10OOA)-Au(8000A) are laid on the p-type and n-type 
electrode. After a reflecting film 100 In the form of Si0 2 
andTHD 2 is formed, each nitride semiconductor laser de- 
vice is cut out from the wafer by scribing. 
[0077] Each nitride semlconducto r laser device man- 
ufactured In this way is equipped with a heat sink and 
the laser oscillation is carried out. Due to an increase of . 



a COD level, prolonged continuous oscillation time is ex- 
* pected - with threshold current density; 2.0 kA/cm 2 , 
power output: 1 00 mW, preferably 200 mW, and 405 nm 
oscillation wavelength. 

5 

Example 2. 

[0078] A single crystal GaN end face film of 1 urn 
thickness is grown on the only one light emitting end 
'0 face on the stripe part, whereas other stages of produc- 
tion of the nitride semiconductor laser device are carried 
out similarly as In Example 1 . 
[0079] Each laser device manufactu red in this way is 
equipped with a heat sink and the laser oscillation is car- 
's rled out. Prolonged laser lifetime in continuous oscilla- 
tion mode is expected - with threshold current density: 
2.0 kA/cm 2 , power output: 100 mW and 405 nm oscil- 
lation wavelength - similar as in Example 1 . 

so ExampJe 3. 



A SiO a protective film In the form of lattice pat- 
tern Is deposited on the surface of the top p-type contact 
layer. Next, etching of RIE method Is carried out so as 
2s to uncover an end face of a resonator and the surface 
of the n-type contact layer. Under the condition of the 
Si0 2 mask of 0.5 nm thickness formed on the surface 
of the p-type contact layer, the wafer is Introduced into 
the reactor (autoclave) inside which is filled with a su- 
ae percrltical ammonia. In other respects, production of the 
nitride semiconductor laser device is carried out similar- 
ly as in Example 1 . 

[0081] Each laser device manufactured In this way is 
equipped with a heat sink and laser oscillation is carried 
35 out. Prolonged laser lifetime In continuous oscillation 
mode is expected - with threshold current density: 2.0 
kA/ cm 2 , power output: 100 mW and 405 nm oscillation 
wavelength - similarly as in Example 1 . 

«> Industrial Applicability 

[0082] As described above, a bulk single crystal sub- 
strate by the supercritical ammonia can be used to form 
nitride semiconductor light emitting devices according 
45 to the present inventio n so that an efficient laser device 
can be obtained to form a faser device on the substrate 
having less crystal dislocation causing non- radiative re- 
combination. 

[0083] Moreover, non -polar nitride A-plane or non-po- 
so lar nitride M-plane can be cut out from the bulk single 
crystal so that the laser device can be formed on the A- 
plane or M-plane as an epitaxial growth face. For this, 
there can be obtained the laser device wherein the ac- 
tive layer is not influenced by the polarization and there 
« is no cause of the deterioration of the performance such 
as the red shift of light emitting, recombination degrada- 
tion and Increase of the threshold current. 
[0084] Furthermore the bulk single crystal layer with 
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less crystal dislocation can be used as an intermediate 
layer, which enables to simplify the light emitting device 
structure for the laser device. 
[0085] Moreove r, the nitride layer can be formed in the 
form of single crystal at a low temperature so that the 
active layer containing In is not influenced by degrada- 
tion or damaged. Therefore the function end lifetime of 
the device can be improved. 



Claims 

t. A light emitting device structure which comprises a 
gallium-containing nitride substrate, and an n-type 
gallium-containing nitride semiconductor layer or 
layers, a gallium-containing nitride semiconductor 
active layer and a p-type gallium-containing nitride 
semiconductor layer or layers formed on said sub- 
strate by a vapor phase growth, 

wherein said substrate is obtained from a gal- 
lium-containing nitride bulk single crystal prepared 
by a supercritical ammonia method, and provided 
with an epitaxlaJ growth face with dislocation densi- 
ty of lOVcm 2 or less. 

2. A light emitting device structure which comprises a 
gallium-containing nitride substrate, and an n-type 
gallium-containing nitride semiconductor layer or 
layers, a gallium-containing nitride semiconductor 
active layer and a p-type gallium-containing nitride 
semiconductor layer or layers formed on said sub- 
strate by a vapor phase growth. 

wherein said substrate Is obtained from a gal- 
lium-containing nitride bulk single crystal prepared 
by a supercritical ammonia method, and provided 
with A-plane or M-plane which Is parallel to C-axis 
of hexagonal structure for an epitaxial growth, and 

wherein said n-type semiconductor layer or 
layers are lormed directly or through an AI(Ga)N 
buffer layer on said A-plane or M-plane. 

3. The light emitting device structure according to 
claims 1 or 2, wherein said substrate is A-plane or 
M-plane of the gallium-containing nitride bulk single 
crystal prepared by a supercritical ammonia and 
further the dislocation density of said substrate is 
10Vcm2orless. 



formed thereon by a supercrilical ammonia method. 

6. A light emitting device structure which comprises an 
n-type gallium-containing nitride semiconductor 

s layer or layers, a gallium-containing nitride semi- 
conductor active layer and a p-type gallium-contain- 
ing nitride semiconductor layer or layers prepared 
by a vapor phase growth, 

wherein an undoped layer of said n-type gal- 
'o Hum-containing nitride semiconductor layers is ob- 
tained from a bulk single crystal prepared by a su- 
percritical ammonia, 

wherein a nitride bulk single crystal substrate 
Is provided with an epitaxial growth face with dislo- 
cation density of 1 OVcm 2 or less, 

wherein at least an n-type nitride semiconduc- 
tor layer or layers containing n-type impurities are 
formed on one face of said growth faces, and 

wherein said nitride active layer and said p- 
20 type nitride semiconductor layer or layers are 
formed directly or through an n-type nitride semi- 
conductor layer or layers on the other face of said 
growth faces. 

7. The light emitting device structure according to 
claim 6, wherein said bulk single crystal substrate 
Is provided with A-plane or M-plane which is parallel 
to C-axis of hexagonal structure for an epitaxial 
growth. 

30 

8. A light emitting device structure which comprises a 
substrate, and an n-type gaJllum-containing nitride 
semiconductor layer or layers, a gallium-containing 
nitride semiconductor active layer and a p-type gal- 
as lium-contalning nitride semiconductor layer or lay- 
ers formed on said substrate by a vapor phase 
growth, 

wherein the gallium-containing nitride semi- 
conductor active layer contains In, and 
40 wherein a protective film of single crystal 

A^Ga t . x N (0^x51) is formed on said nitride active 
layer by a supercritical ammonia method. 

9. The light emitting device structure according to 
45 cialm 8, wherein said active layer includes a quan- 
tum well structure comprising at feast one InGaN 
well layer or InAIGaN well layer. 



4. The light emitting device structure according to 10. The nitride semiconductor laser device according 
claims 1 or2, wherein said substrate is a composite so t o claims 8 or 9, wherein said fight emitting device 
substrate (template) In which a gallium-containing is formed on A-plane orM-plane of a GaN substrate, 
nitride is grown on the heterogeneous substrate by 

a supercritical ammonia method. 11. Tne light emitting device structure according to any 

one of claims 1 , 2 or 8, wherein said light emitting 

5. The light emitting device structure according to « device is a semiconductor laser device and formed 
claim 4, wherein a GaN, AIN or AIGaN layer is pre- on A-plane of a bulk single crystal GaN substrate, 
formed on the heterogeneous substrate and then a and the light emitting face of said resonator is M- 
gallium-contalnlng nitride bulk single crystal Is piane, on which the end face film is formed. 
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Fig. 1 
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Fig. 2C 
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